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INTRODUCTION 

High-impact pelvic fracture is associated with greater than 30% morbidity and mortality due 

to associated retroperitoneal hemorrhage, postinjury coagulopathy, and traumatic-hem-

orrhagic shock despite various treatment modalities, including a multi-disciplinary team 

approach [1-3]. The concept of pelvic packing was first introduced by Pohlemann et al. [3] 
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in 1994 in European trauma centers as a damage control re-

suscitation measure for patients with unstable pelvic fracture 

[4]. Recently, the Denver group modified the European mo-

dality of transabdominal pelvic packing as part of explorative 

laparotomy to a direct preperitoneal pelvic packing (PPP) 

technique through a separate suprapubic approach [5]. Recent 

studies demonstrated that PPP resulted in a significant de-

crease in need for transfusion and a lower rate of mortality [6-

8]. However, infectious complications of PPP remain a major 

concern for physicians treating patients with trauma because 

the timing of definite surgery, such as open reduction, can be 

delayed, and the condition of critically ill patients can worsen 

owing to infectious complications after PPP. 

Surgical site infection (SSI) is defined as a proliferation of 

pathogenic micro-organisms at the site of incision either with-

in the skin and subcutaneous fat (superficial), musculofascial 

layers (deep), or in an organ or cavity opened during surgery 

[9]. SSI is one of the most common postoperative complica-

tions after laparotomy in abdominal trauma patients, with a 

reported incidence of 13.8% [10]. It can lead to wound dehis-

cence, hernia, and sepsis [11]. Many guidelines have suggested 

protocols to reduce the risk of SSI. Moreover, several studies 

were conducted to identify risk factors for SSI, and risk models 

were suggested to reduce SSI. However, as the suggested risk 

models were created for patients undergoing general and trau-

matic abdominal surgery [10,11], they were not applicable to 

patients undergoing PPP. Furthermore, few studies have been 

conducted to identify risk factors of SSI after PPP [3,4,6]; how-

ever, some of them primarily described risk factors for mortali-

ty and additionally reported risk factors for SSI [3,6]. 

We reported five patients with SSI after PPP in a 2018 study 

about the effectiveness of PPP in reducing mortality [3]. In this 

study, the risk factors for SSI occurring after PPP were investi-

gated using patient data accumulated following the previous 

study. 

MATERIALS AND METHODS 

Patient Selection and Data Collection 
This retrospective study was approved by the Institutional 

Review Board of Wonju Severance Christian Hospital (IRB No. 

CR320202). The patient data were obtained from Wonju Sev-

erance Christian Hospital Pelvic Trauma Data Bank, in which 

data are prospectively maintained as part of the Korean Trau-

ma Data Bank. Since the data were analyzed retrospectively 

and the identities of the patients were hidden, the requirement 

for informed consent was waived. The inclusion criteria were 

patients who (1) underwent PPP following unstable pelvic 

fracture, (2) were aged ≥18 years, and (3) agreed to collection 

and use of their medical information. Between April 2012 and 

May 2021, a total of 71 patients was enrolled. Hemodynamic 

instability was defined as persistent hypotension (systolic 

blood pressure [SBP] <90 mm Hg) despite administration of 

two units of packed red blood cells (pRBCs) [12,13]. The exclu-

sion criteria were (1) death without second-look surgery and 

(2) death within 3 days after PPP. These patients were excluded 

because the survival time was too short to diagnose SSI. Based 

on the exclusion criteria, 44 patients were enrolled in this study 

(Figure 1). Data on patient characteristics of age, sex, initial 

SBP, cause of injury, history of diabetes mellitus, anticoagulant 

use, associated injury (abbreviated injury scale ≥2), concom-

itant bladder-urethra injury (BUI), concomitant bowel injury, 

injury severity score (ISS), laboratory data (initial hemoglobin 

level, lactate level, white blood cell count, and delta neutrophil 

index), pelvic fracture type (Young-Burgess and Tile classifica-

tion), and presence of open fracture were collected. Data about 

■ Repacking and combined bladder-urethra injury are 
potential risk factors for surgical-site infection in pa-
tients with unstable pelvic fracture.

■ Close observation is recommended for up to 8 days in 
patients with these risk factors.

■ At 48 hours after preperitoneal pelvic packing, remov-
ing the packed gauze on cessation of bleeding and not 
performing repacking can help prevent surgical site 
infection.

KEY MESSAGES

Figure 1. Patient flowchart. PPP: preperitoneal pelvic packing; SSI: 
surgical-site infection.

188 Unstable pelvic fractures

15 SSI 29 No SSI

71 PPP

Excluded
24 Death without 2nd look surgery
3 Death within 3 days after PPP
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patient management included use of a pelvic binder, use of 

resuscitative endovascular balloon occlusion of the aorta (RE-

BOA), external fixator (EF) during PPP, screwing of the sacroil-

iac (SI) joint during PPP, open reduction and internal fixation 

(ORIF), whether PPP was performed in the emergency room 

(ER), time required to perform PPP, use of hemostatic gauze, 

time from accident to PPP, time from second-look surgery to 

drain removal, repacking during the second-look surgery, an-

gioembolization after PPP, concomitant abdominal surgery, 

and pRBC transfusion during the first 4 hours after injury. Data 

about length of hospital stay, length of intensive care unit (ICU) 

stay, and mortality were collected. Details of SSI, including the 

source of sample for bacterial culture, time from first surgery 

to SSI was identified, and micro-organism detected on culture, 

were collected. 

Patient Management 
The Wonju Severance Christian Hospital has employed a trau-

ma team since 2010, and the trauma center was constructed in 

January 2015. Until May 2014, pelvic binder application, mas-

sive transfusion, and pelvic angiography (PA) were performed 

in patients with a pelvic fracture with hemodynamic instability 

who showed contrast extravasation on computed tomography. 

After May 2014, PPP has been used in such cases. The orthope-

dic surgeons of the trauma team decided whether EF was nec-

essary for the pelvic fracture and performed the procedure as 

appropriate. PA was performed if bleeding persisted after PPP 

and EF. REBOA has been performed in the ER in patients with 

trauma since February 2017, depending on the decision of the 

trauma team. A pelvic binder was applied by the trauma team 

in the ER to reduce pelvic volume and was removed just before 

PPP or PA. In cases requiring EF, the pelvic binders were not 

re-applied; conversely, they were reapplied just after PPP or 

the procedure in patients not requiring EF. Once the patients 

became hemodynamically stable, the pelvic binders were re-

moved, and the trauma and orthopedic surgeons discussed 

the timing of definitive surgery for the pelvic fracture. After the 

initial transfusion with two units of O-negative pRBCs, cross-

matched pRBCs and fresh frozen plasma were administered in 

a 1 to 1 ratio according to our institution’s massive transfusion 

protocol. 

PPP Technique 
PPP was performed by trauma surgeons who had successfully 

completed the Definitive Surgical Trauma Care training pro-

vided by the International Association for Trauma Surgery and 

Intensive Care. After creating a 7–8 cm vertical skin incision 

beginning at the pubic symphysis, the anterior sheath of the 

rectus abdominis muscle was incised and the muscle was split. 

After the preperitoneal space was bluntly dissected in the pos-

terolateral direction and the peritoneum moved to the medial 

side, the lower border of the SI joint was examined. Three sur-

gical tapes were sequentially packed from the lower border of 

the SI joint using ringed forceps. This procedure was repeated 

on the contralateral side. After correction of coagulopathy, hy-

pothermia, and metabolic acidosis, the packed surgical tapes 

were removed. One kaolin-impregnated gauze pad (QuikClot 

Combat Gauze; Z-medica, Wallingford, CT, USA) and two sur-

gical tapes were used according to the decision of the trauma 

surgeon. After one QuikClot Combat Gauze was packed into 

the lower border of the SI joint, two surgical tapes were also 

packed. This procedure was repeated on the contralateral side. 

After packing, the anterior sheath of the rectus abdominis 

muscle and the skin were repaired. 

Management after PPP 
After correction of coagulopathy, metabolic acidosis, and hy-

pothermia, the packed surgical gauze was removed according 

to the findings of the second-look surgery. The timing of tape 

removal was around 48 hours. After removal of the packed sur-

gical gauze, a closed drain was routinely inserted into the site 

of the removed packed surgical gauze. The inserted drain was 

removed when the daily drain fluid amount was less than 60 

ml. The timing of ORIF was determined in consultation with 

the orthopedic trauma staff. 

Evaluation of SSI after PPP 
Prophylactic antibiotics (second-generation cephalosporin) 

were administered preoperatively to patients who underwent 

PPP. The intravenous antibiotics were administered continu-

ously until the second-look surgery in patients who underwent 

PPP. SSI was diagnosed according to the Centers for Disease 

Control and Prevention (CDC) guidelines [14]. Diagnostic cri-

teria included purulent discharge from surgical site, microor-

ganisms identified in tissue and fluid specimens, patient signs 

and symptoms, and abscess or other evidence of infection de-

tected on imaging tests. SSI was evaluated by trauma surgeons 

after depacking. When SSI was clinically suspected, bacterial 

cultures of the open wound were performed. Discharge from 

wounds and drain fluid were also used for bacterial cultures to 

confirm SSI and isolate the bacterial species. Bacterial cultures 

were performed using drain fluid when SSI was clinically sus-
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pected based on drain fluid characteristics such as turbidity 

and foul odor with a clear wound.  

Statistical Analysis 
Continuous variables were compared using the Mann-Whit-

ney U-test and are presented as mean±standard deviation or 

median (range). The chi-square test and Fisher’s exact test 

were used to compare categorical variables. A P-value <0.05 

was considered statistically significant, and all statistical anal-

yses were performed using IBM SPSS ver. 23.0 (IBM Corp., 

Armonk, NY, USA). 

RESULTS 

The mean age of the patients included in the study was 

57.8±15.2 years; 27 patients (61.4%) were male. The mean in-

jury severity score was 37.5±8.0, and SSI occurred in 15 of 44 

patients (34.1%). 

Comparison between No SSI and SSI Groups 
Concomitant BUI occurred significantly more often in the SSI 

group than in the no SSI group (4 [26.7%] vs. 1 [3.4%], P=0.039). 

There was no significant difference in the following variables 

between the no SSI and SSI groups: incidence of concomitant 

bowel injury (1 [ 3.4%] vs. 2 [13.3%], P=0.540), rate of open frac-

ture (1 [3.4%] vs. 1 [6.7%], P=1.000), EF during PPP (4 [13.8%] 

vs. 4 [26.7%], P=0.414), time from PPP to tape removal (medi-

an, 45.0 vs. 41.3 hours; P=0.428), and time from second-look 

surgery to drain removal (median, 9 vs. 11 days; P=0.682). The 

proportion of patients in whom repacking was performed 

during second-look surgery was significantly higher in the 

SSI group than in the no SSI group (4 [26.7%] vs. 0, P=0.010). 

The rates of angioembolization after PPP (2 [6.9%] vs. 3 [20%], 

P=0.319) and combined abdominal surgery (5 [17.2%] vs. 3 

[20.0%], P=1.000) were not different between the no SSI and 

SSI groups (Table 1). 

Open Reduction and Internal Fixation
ORIF was performed with or a mean of 5.9±4.8 days after tape 

removal in 22 patients. ORIF was performed concomitant with 

tape removal in 4 of 22 patients. ORIF was not included in risk 

factor analysis for SSI because 18 cases underwent the proce-

dure after tape removal. 

Outcomes between No SSI and SSI Groups 
Length of hospital stay (median, 41 vs. 64 days; P=0.480), 

length of ICU (median, 14 vs. 16 days; P=0.853), and mortality 

within 30 days (3 [10.3%] vs. 3 [20.0%], P=0.394) were not sig-

nificantly different between the groups (Table 2). 

Timing of Tape and Drain Removal and SSI 
There was no difference in the rate of SSI between those who 

underwent depacking within or after 48 hours after PPP (12 

[41.4%] vs. 5 [33.3%], P=0.603). There was no difference in rate 

of SSI between those who underwent drain removal within or 

after 7 days after depacking (18 [62.1%] vs. 8 [53.3%], P=0.576) 

(Table 3).  

Details of Patients with SSI  
Bacteria were isolated from wounds in 10 patients and from 

drain fluid in 6 patients. Bacteria were identified simultane-

ously in both wound and drain fluid in one patient. The mean 

period to detection of SSI from PPP was 8.1±3.9 days. The most 

common bacteria cultured was Staphylococcus epidermidis 

(Table 4). 

DISCUSSION 

This study showed that repacking during second-look surgery 

and concomitant BUI were potential risk factors for SSI. Bur-

lew et al. [6] reported different rates of infection in the pelvic 

space between those requiring repacking (9 of 20 patients, 

45%) and those who underwent single packing (6 of 108 pa-

tients, 6%) [6]. Based on the results of Burlew et al. [6], the 

Denver group modified their PPP protocol to avoid repacking 

despite continuing hemorrhage, with a focus on early reversal 

of post-injury coagulopathy and secondary angioembolization 

in cases of ongoing blood product requirements or known 

source of arterial bleeding [4]. All repacking in our institution 

was performed during second-look surgery. Because gauze re-

packed in the same space can promote bacterial colonization, 

clean gauze was used for repacking. Therefore, we also recom-

mend that repacking be avoided by controlling the ongoing 

hemorrhage after PPP with the aid of angiography and appro-

priate correction of coagulopathy in the ICU. 

The study by the Denver group also demonstrated asso-

ciated bladder injury as a specific risk factor for pelvic space 

infection [6]. The CDC guidelines [15] only mention that usage 

of prophylactic antibiotics in urological operations “may not 

be beneficial if urine is sterile.” This suggests that sterile urine 

might not be associated with SSI. A study that investigated SSI 

in elective urologic surgery showed that the occurrence of SSI 
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Table 1. Comparison between no SSI and SSI groups

Variable  No SSI (n=29) SSI (n=15) P-value
Age (yr) 59.2±13.5 55.2±18.3 0.655
Male 17 (58.6) 10 (66.7) 0.603
Initial SBP (mm Hg) 68.7±11.8 58.6±21.0 0.161
Cause of injury 0.216
  Traffic collision 9 (31.0) 2 (13.3)
  Pedestrian struck 9 (31.0) 8 (53.3)
  Fall 10 (34.5) 3 (20.0)
  Other blunt trauma 1 (3.4) 1 (6.7)
  Unknown 0 1 (6.7)
DM 5 (17.2) 3 (20.0) 1.000
Use of anticoagulants 2 (6.9) 2 (13.3) 0.596
Associated injury (AIS ≥2) 26 (89.7) 14 (93.3) 1.000
Concomitant bladder-urethra injury 1 (3.4) 4 (26.7) 0.039
Concomitant bowel injury 1 (3.4) 2 (13.3) 0.540
Injury severity score 37.7±8.8 37.1±6.6 0.891
Initial Hb (g/dL) 9.3±2.0 10.5±2.0 0.063
Initial lactate (mmol/L) 5.2±2.8 7.6±4.3 0.055
Initial WBC (×109/L) 14,207±4,874 13,414±5,304 0.561
Initial DNI (%) 2.0±2.6 1.6±2.4 0.735
YB classification 0.229
  LC 19 (65.5) 7 (46.7)
  APC 2 (6.9) 4 (26.7)
  VS 8 (27.6) 4 (26.7)
Tile classification 0.431
   A 0 0
   B 19 (65.5) 8 (53.3)
   C 10 (34.5) 7 (46.7)
Open fracture 1 (3.4) 1 (6.7) 1.000
Pelvic binder 12 (41.4) 10 (66.7) 0.112
REBOA 0 2 (13.3) 0.111
EF during PPP 4 (13.8) 4 (26.7) 0.414
SI joint screwing during PPP 4 (13.8) 2 (13.3) 1.000
PPP in ER 1 (3.4) 3 (20.0) 0.107
Median time required to perform PPP (min) 35 25 0.333
Use of hemostatic gauze 12 (41.4) 5 (33.3) 0.603
Median time from accident to PPP (min) 275 190 0.122
Median time from PPP to tape removal (hr) 45 41.3 0.428
Median time from 2nd look surgery to drain removal (day) 9 11 0.682
Repacking during 2nd look surgery 0 4 (26.7) 0.010
Angioembolization after PPP 2 (6.9) 3 (20.0) 0.319
Combined abdominal surgery 5 (17.2) 3 (20.0) 1.000
pRBC transfusion during first 4 hours 8.5±4.7 8.5±8.0 0.417

Values are presented as mean±standard deviation or number (%).
SSI: surgical site infection; SBP: systolic blood pressure; DM: diabetes mellitus; AIS: abbreviated injury scale; Hb: hemoglobin; WBC: white blood cell; DNI: delta 
neutrophil index; YB: Young-Burgess; LC: lateral compression; APC: anteroposterior compression; VS: vertical shear; REBOA: resuscitative endovascular balloon 
occlusion of the aorta; EF: external fixation; PPP: preperitoneal pelvic packing; SI: sacroiliac; ER: emergency room; pRBC: packed red blood cell.
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in urologic surgery was associated with preoperative urinary 

tract infection (UTI) because one of the characteristics of uro-

logic operations is leakage of non-sterile urine into the surgical 

field, causing contamination [16]. However, nine patients in 

that study who developed SSI did not experience preoperative 

UTI [16]. The exact mechanism of development of SSI with 

sterile urine has not yet been identified. Since it was not possi-

ble to confirm whether patients enrolled in this study had UTI 

before the ER visit, we could not explain how urinary leakage 

affected SSI. However, since BUI with pelvic injury indicates 

more severe injuries compared to pelvic injury without BUI, 

and severe trauma is associated with altered host defense, 

characterized by early hyperinflammation, followed by immu-

nosuppression and enhanced susceptibility to infection [17-

19], patients with pelvic injury and BUI might be more suscep-

tible to infection. 

Our study showed that open fracture was not associated 

with SSI. Previous studies demonstrated that open pelvic frac-

tures have an increased risk of SSIs compared to closed pelvic 

ring injuries [20-22]. The results of this study were different 

from those of previous studies possibly because of the smaller 

number of patients recruited over a shorter period. 

SSI occurred in two patients with concomitant bowel injury 

and pelvic fracture. If simultaneous PPP and laparotomy are 

necessary, a separate laparotomy incision should be created 

from that for packing to avoid wound contamination and 

optimally should be located above the umbilicus to prevent 

penetration of the preperitoneal space. However, the same low 

Table 2. Comparison of outcomes between no SSI and SSI groups

Variable No SSI (n=29) SSI (n=15) P-value
Median length of hospital stay (day) 41 64 0.480
Median length of ICU stay (day) 14 16 0.853
Mortality within 30 days, n (%) 3 (10.3) 3 (20.0) 0.394

SSI: surgical site infection; ICU: intensive care unit.

Table 3. Comparative analysis between the no SSI and SSI groups for 
timing of removal of tape and drain

Variable Time No SSI (n=29) SSI (n=15) P-value
Time from PPP to tape 

removal (hr)
≥48 12 (41.4) 5 (33.3) 0.603

Time from 2nd look surgery 
to drain removal (day)

≥7 18 (62.1) 8 (53.3) 0.576

Values are presented as number (%).
SSI: surgical site infection; PPP: preperitoneal pelvic packing.

Table 4. Details of patients with SSI

No Source of culture Time of detection of SSI from the 
time of PPP (day) Organism isolated

1 Wound 13 Staphylococcus epidermidis, Acinetobacter baumannii
2 Wound 12 Staphylococcus aureus, Enterobacter aerogenes
3 Drain fluid 6 Enterococcus faecalis
4 Wound 8 Enterococcus casseliflavus
5 Drain fluid 3 Enterococcus faecium

Klebsiella pneumoniae
6 Wound 6 Escherichia coli
7 Wound 3 S. epidermidis
8 Drain fluid 3 S. epidermidis
9 Wound 9 Methicillin-resistant Staphylococcus aureus

Micrococcus kristinae
A. baumannii

10 Wound 12 S. epidermidis
E. faecium

11 Drain fluid, Wound 9 Corynebacterium striatum
12 Drain fluid 13 A. baumannii
13 Wound 6 Pus discharged

No result of culture
14 Drain fluid 14 C. striatum
15 Wound 5 S. epidermidis

Staphylococcus lugdunensis

SSI: surgical site infection; PPP: preperitoneal pelvic packing.
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midline incision was used for PPP and laparotomy in the two 

patients because they had a perforation of the rectum and de-

scending colon. Although bowel injury was not a risk factor for 

SSI in this study, bowel injury is an important factor to reduce 

SSI. Therefore, a transverse incision (Pfannenstiel) for PPP 

might be useful for patients who need to undergo laparotomy 

through a low midline incision simultaneously with PPP [23]. 

Once acute hemorrhage is under control in patients with he-

modynamic instability due to pelvic fracture, trauma surgeons 

must make the important decision about when to remove the 

packing tape. In addition, trauma surgeons need to decide the 

optimal timing of drain removal to prevent SSI. The timing of 

packed gauze removal was recommended as 24–48 hours after 

PPP in most previous studies; however, it was not based on ev-

idence but experience [13,24]. There was no difference in the 

rate of SSI between those who underwent depacking within or 

after 48 hours after PPP. Stahel et al. [4] reported that the two 

patients who had SSI underwent pelvic depacking after longer 

than 48 hours. However, one of them underwent angioembo-

lization after pelvic packing, resulting in perineal and anorec-

tal necrosis. This result does not show a definite correlation 

between SSI and time from PPP to tape removal. Trauma 

surgeons tend to remove the drain within 7 days after tape re-

moval to avoid introduction of a foreign body reaction, which 

might aggravate the infection and stimulate collagenolysis [25], 

and the risk of ascending infection might increase. However, 

the duration from second-look surgery to drain removal was 

not associated with SSI, and there was no difference in rate of 

SSI between those in whom the drain was removed before or 

after 7 days. More evidence about optimal timing of tape and 

drain removal is necessary in the future. 

Our previous study showed an SSI rate of 20% (5 of 25 pa-

tients who underwent PPP) [3]. Burlew et al. [6] reported that 

the rate of infection of the pelvic space after PPP was 12%. Li 

et al. [26] reported a rate of SSI of 10% (3 of 29 patients who 

underwent PPP). Another study demonstrated a rate of infec-

tion as high as 28% [8], while our study showed a rate of SSI 

of 34.1%. One of the difficulties in analysis of pelvic trauma 

management is reflected in the characteristics of the patient 

population [6]. The mean age of patients enrolled in this study 

was 57.8±15.2 years, which was higher than that of the popula-

tions in other studies. A study conducted to identify risk factors 

for SSI in patients with abdominal trauma reported age as one 

of the factors contributing to SSI [11]. Therefore, the higher 

rate of infection might be relatively acceptable considering the 

mean patient age in our study. 

In our data, the mean duration to SSI from PPP was 8.1 days. 

Our previous study reported a mean duration of 7.8 days. Li et 

al. [26] identified deep SSI after 7–9 days. These results are sim-

ilar to those of the current study and suggest that trauma phy-

sicians should be alert to the occurrence of SSI after especially 

7–9 days of admission. Our data demonstrated that SSI was not 

associated with angioembolization. Only one patient who un-

derwent nonselective angioembolization of the internal iliac 

artery after PPP in our study was diagnosed with SSI. Selective 

or super-selective embolization was performed in a branch of 

the internal iliac artery for the remaining four patients. One 

study demonstrated nonselective angioembolization as one 

of the risk factors for SSI [27]. Burlew et al. [6] suggested that 

empiric embolization of both internal iliac arteries should be 

carefully weighed against the risks of pelvic claudication and 

perineal necrosis. Obviously, angioembolization is an effec-

tive, timesaving, and readily available procedure for pelvic 

fracture-related arterial hemorrhage. However, given the high 

rate of SSI, trauma physicians should be careful in deciding on 

nonselective angioembolization. 

This study has some limitations. First, the number of en-

rolled patients was small, and the study design was retro-

spective. Second, this study was performed at a single trauma 

center, and the demographics of our patient population and 

surgical treatment concepts cannot be generalized and ex-

trapolated to the entire population. In conclusion, repacking 

and combined BUI are potential risk factors for SSI in patients 

with unstable pelvic fracture after PPP. Additional analyses are 

necessary with a larger number of patients using the potential 

risk factors identified in this study. Based on our study, SSI 

usually occurs around 8 days after PPP. Therefore, close obser-

vation is recommended in patients with these risk factors for 

about 8 days after injury. In particular, avoiding repacking and 

controlling hemorrhage using angiography and adequate cor-

rection of coagulopathy in the ICU can reduce the risk of SSI. 

Although it commonly is suggested that packing tape be re-

moved as soon as possible, the results of this study suggest that 

there is no need to stress over removal of packing tape within 

48 hours. Rather, removing the packing tape after bleeding has 

stopped and not performing repacking might help prevent SSI. 
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